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SPECIFICATION 



CURABI.V COMMSXTIOK AND PROCKSS TOR MOLDING THS SAME 



Field of the Invention 
Tno present Invention relates to a cur^blo 
S composition wtilch may be conveniently used to manufacture an 
iarcinndliuA loemoiy disc ur Eur lil«i applications^ and 
porticulerly to a curable composition which may be adapted 
£or ucc as a material for a subotrate o£ a photo-disc j such 
as video disc, atuilo dl9C and pnoto^metiiiory di£Cp for 
10 recording and reproducing Image and audio Infoxroationft 
thereon using light beama a» the media. 

Baofarroimd of the Imrention 
^HotO'-iaemary dlsca have baan eagerly inveetlgatcd 
and dfivalopad to ba used for practical applications vltb tha 

IS epreod of compact diecs and video dliscs. It is expacted to 
uae the photo ^memory dlac ae a baclc-^p memory for a cocnputer 
in Ueu o£ the magnetlo dleo and flopy diac^ aince the 
photo-«emory disc has a large recording oapaolty la the 
order of glga-hitfs and if nan he handled easily. Xt la 

20 estimated that the photo-memory disc has a prolonged 

llfo-tlme« aince the Informationo can be recorded Ihereon 
and reproduced therefrom by a non-oontoet ayatem. it la 
important tUat the suhstrate for the photo-^Bemory died ueed 
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for the recorditig and reproduction of the informatioiiG 
should bo traasparent and ufliforai and made o£ an «rtreii»1y 

stable niatariai. 

Xn consideration of thft balance of f:li«s coat and 

5 the yhy&ical propcrtlaa, polynethyl nathacrylate reaioc 
{msk) and polycarbooate resins have pradominantiy ufiad as 
the pwterial^ for the aubstratc of such j^iotOMnamory discs 
in tha past. However, tha auhctrato made of MMA has the 
dlsadvAnta^es that the heat resistance thereof is 

10 ixB»ati»f actory .and that it Is high in mgifitiire absorption 
leading to large dlmenslon^a change upon absorption of 
moioture. 

Th© substrate made of polycarbonate xe^ln has poor 
moldability. mi thoro ie a tendency tt«t the molecules ace 
15 oriented during the molding step to give a molded product 
idiioh exlilbits a». otrefrlngencet In addition, the 
poiycarttonate bubstrate la poor in heat resietant property 
not to witrhatand repented ixradiatlon with writing laser 
bttams. Furthermore, the polyearhonatK aubstrnte of optical 

20 grade ia molded from a pnlycarfaooate *ich has a email 
molecular weight for improving the fluidity tAereof at the 
molding etep. Aa the reoulte, the melded polycarbonate 
substrate has poor «ate<*proof property, *iiid the impaGt 
strenqth and the surface hardness thereof are levered. 

2^ An object of this inventiott is to provide a 

curable coi^aaltlan for molding a produot vhiAh xa 
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tr«napceat and l»6 llttl« tendency of bir«f rlngenre . 

Anacner object of this imventlon i* to provide a 
curaWo eo«positirm for -olding a Product «hi«li is impro^r-d 
in beat resistance and 6urfa<» hardnp^s and decreased ia 

S tiatex- absorption* 

A turtner object of this invention Is to provide a 
curoble cc«©osltina for inoMinff a product -hicb fluiy be used 
as a siibstirate for photo-«fl^ry disc. 

^ further object of this invention io to provide 
10 ^ efficient process *or n»Iding a disc eub«trate fmm the 
curable composition of this invention. 

The curable eooipoeition, wbich may be used to 
attain the aforementioned objects of thi* invention, 
oan«.rises a compooad having at least two unsaturated 
15 cidoacetal groups per one molecule (hereinafter referred to 
briefly as -acetal carapound'J. a compound having at least 
two meroapto groups per one t«ol*cul* (hereinafter referred 
to hlief ly as ■mereapto compound" ) . 

The curabu* composition further provided in 
70 aooordaoce with this invention comprises a component A which 
is a compound having at least two unsaturated cycloaoetal 
groups per one moloeule, a component B which is a oompound 
having at least two msreapto groups per one nolcoule, and a 
component C which ts a compound selected from the group 
25 oottSistJng of bisphenols each having at least two acryloyl 
and/oT- aethftcryloyl groups per one molecule, compounds 
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each davang a tria^lne ring and derivativoe of Isocyanurlc 
acid. 

The curable eomposttion further provided ia 
accordance with this invention oomprisea a Coawonent K which 

S ie a eoneound havlnB at least tw unoaturatod cycloacetat 
^Qups pftr one Bolecttle, a CanpOftent B Which Is » compound 
having at least two uerqapto groups per onis iaol^cul«« a 
Con«»onent C which i* a eoB^iouna selected from the group 
cons ic ting at x>lspheT»ols each having at least two aeryj^l 

10 aod/or BethMOLyloyl groups per on© oiolecul.e, eortipounds each 
liaving a triasine ring and derivatives of isocyanuric acid. 
<ind a Compon^t D which is selected from the group 
ooMiatiag of aiUeon compounds sack having at l*a»t one 
OKToapto aroua per one Bolwsule, ester eompounde prapared oy 

IS reacting atraight-chain or aidOr^hain alcohols each having 
not lewe th *"* four eo^n atosna with oarbajtyllr: acids each 
having at loaot one nereap'to group par una molecule, and 
alkyl groivs each having at Least tiw acryloyl and/or 
oethaecyiosrl gnmps per one tBoleeulc and substituted 

20 products thereof having snbatltutiag halogen grtmps. 

The praaent invention forther provides « 
transparent substrate coninrlslng an aXwitiniuM oxide layer 
formed on the sturface of a aoldod product prepared by curing 
e ciuposition Including a Goiapmient & which Is a coo^iaund 

25 having at leaet two unsaturated cyclcaoetdl groups per one 
oolcouie and a c«Bipon«it B idiich is a compound having at 

A 
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l^ast twu luerc&pto ^oupa per on* molGCul&; and a 
transpdjcent subotrate compriftlng an alumiftium oxide Xaycr 
fomied on the surface of a molded product propored by curing 
a composition ineludincj « coivoneat A which ie a conpound 
5 having at Xaast two unsaturated cydoacetal groups par ona 
molecule* a Component B which ie a compound having at Itsatit 
two nerciu^to groups per one molecule, end a Component C 
which is aoleotod from the group coiMiiating of biaphcnolo 
each having at least two aciryloyl and/or methaoryloyl groups 
10 per one molec«la, coippounds each having a triaaine ring and 
derivatives of isocyanuric acid. 

The pi^esent invention also resides in a proceao 
fox molding a ourable resin comprising the steps Of 
evacuating tne cavity la a mold having at least a portion 
15 forming a window extending from the outside of the moid to 
the cavity and made of a material irtuch transmits a high 
energy beam, injecting a curable composition conpriaed of 
the aforementioned cross-llnlcRble Components A. B and C or 
tne aforemiRntiuned ccoes-linkable Components A, Bp C and D 
20 into the cavity, and irradiating the injected resinous 

cQinpositiott with a high energy beam from the outside of the 
laold through said window to cure said resinous composition ■ 
The present invention further resides in a process for 
tBOlding a curable reain comiJEising the steps of injceting a 
25 Gur<ible xesin into a cavity in a mold having at least a 
portion made of a material whicli transmits a high eneccgy 
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bean, and irradiatlag the c««abl^ rosin with a high eneregy 
beani' While moving at least a portion of the mold to contract 
the cavity during the step of Irradiation with the high 
eneregy beam. 

g plaelostira of the Invention 

The curable composition according to this 
Invention will now be described in detail. 

Acetal con^unds 

The first component, the acetal compound 

10 (Component A) of the curable composition of thia invention 
is an unsaturated cycloacetal compound having at least two 
unsaturated cycloacetal groups per one molecule, the 
««aturated cycloacetal group being represented either one 
of the followittg formulae of s 



O-CB, 



C ; or 



15 Unsaturated dioxano types CH^^ca-CH^ 

0-CH2 

unsaturated dioxolane type* CS^oCH-CH ) 

0-CH- 

Bxamples of the acetal componad ^ich may be 
preferably used in the curable composition of this invention 
include the compounds listed in the following paragraphs (i) 
20 to Civ). 

(i) Diallylidene pentaerythritoi, triallylldene 
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sorbitol. diallylidcne-2^2,6,6-tetramethylol cyclohexanone , 
* and mixtures thereof* 

(11) Reaction products o£' monoallylidene 

trimethylolpropane and/or monoallylidena triiDBthyloIethane 
5 with an Isocyanate Gompaund such as tolylenedlisoeyanate, 
poLyal]Qrl^neallyllsocyanate , methaphenylenedilsocyanate , 
xylylenedllsocyanata, hexamethylenediisoeyanate and 
Isophoronediisocyanate • 

(ill) Esterlfled products of monoallylldene 
10 trimethylolpropane and/or monoallylldene triiaethylolethane 
with an aold anhydride such as succinic anhydride « nialeio 
anhydride, Itaconic anhydride, phthalic anl^dride, 
tetrabydrophthalic anhydride and hexahydrophthalic 
anhydride. 

15 (iv) Compounds prepared by reacting esterlfled products 

of monoallylldene trimethylolpropane and/or monoallylldene 
trlmethylolethane esterdLfled by an acid anhydride with an 
epoxy con^und such as a polyfunctlonal glycidyl ether type 
epoxy compound or a glycidyl ester type epoxy compound 

20 derived from phthalic acid or adipic acid. 
Mercapto Compound Used as the Gonqs>onent Bt 

The mercapto compound which is used as the second 
component of the curable composition of this invention is an 
aliphatic or aromatic polymercaptan having at least two 

25 mercapto groups per one molecule. 

Bximples of the mercapto coi^pound which may be 

7 
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used in the compositioa of tHU invention incluae those 

listed in the following peragraphs (i) to (v). 

(i, Dipentenedimeroaptan, ethylhexyldi«ercaptan. 

1, e-hexanedimarcaptan . 
S (ii) Ester compounds prepared by reacting roercapto 

e«opounds having carboxyl groups with polyhydric alcohols. 
B«„ples of d«rcapto co«tpound having a carboxyl group 
include thioglY«olli« acifll, ? -niercaptopropionic acid and 
n^rcaptoBUCcinlc acM. Examples of polyhirdrxo alcohol ^ 
10 include pentaerythritol, dipentaerythritol, 
trimethylolpropane and trimethylolethane. 
(iU) Coinpottiida each having a hydrogen group on the 
cei*on atoi« at the p -position relative to the n«rcapto 
group* 

15 <iv) compounds prepared by reacting epoxy resins with 

hydrogen sulfide • 

t^, compounds prepared by reacting epacy resins with 

thioglycollic acid. 

compound Having Reaotive Unsaturated Groups and Used as the 

20 Coiqpondut Cs 

The compound (C) having reactive unsaturated bonds 

and used as the third component in a preferred embodiment of 

the curable composition of this invention is a compound 

having at least two reactive unsaturated groups per one 

25 molecule, and may be any of a variety of compounds as far as 

it is copolymeri^ble with and uniformly mixed with the 
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aforementioned acetal compound (A) and the mezrcapto compound 
(B). 

Examples of such compounds are bisphenols (C'-^Dr 
triazine compounds .(C-2), derivatives of isocyanxiric acid 
5 (C*<^3> and other compounds (G-4)# Amongst theee campounds, 
bisphenols (C-D* triaizlne compounds (C-2) and derivatives 
of isocyanuric acid (C-3) are effective since they improve 
the heat resistance of the curable cony^osition to which they 
are added. 

10 These compounds will now be described hereinbelow* 

Bisphenols (C'-^Db 

Blsphenols (C-1) vhich may be preferably iised as 
the third component having reactive unsaturated bonds in the 
present invention are bisphenols each having at least two 
15 acryloyl and/or methacryloyl groups per one molecule • 

The bisphenols (C-I) which may be preferably used 
in the composition of this invention have the structures 
represented by the following general formula (1) oft 

tRl^n, -^-<«2'n^ 

20 wherein and n2 are integers of from 1 to 3, and 

X is a group reperesented by the following structural 

formulae of s 
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C& CHs Cft 

f ^ . 
CHs 

CL CH3 jCje Br CH3 JJr 

CR'» , Br C'^' Br , 

«meT«lji Y i» a «row »pr^«nted by the CoXlowing 



CHS CH3 
-C- CHg-CH— -CH»- -C- 

CH3 ' 



CMS 



0 ^^CHsCHa 9H: 



Is 



CHs CH3 . CHS 



CH3 CHS 



Th» gtoups ana Uava the atruotueae 
tropresaivtod by tha irotlowin« «eiical fosmaia ot» 



10 -(-O-CM-CHjl^-O-C-C-CHj 

Vh wrffi ln 14 ao4 each standa tmt hgrdrogoA, 
«»thrl» ethyl or BulMtntutaa gsoups tha»aa« attostltuted with 
nslofaa atoms? and ft i« aa intases of 0 to 6. 
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Each of the aforementioned cOR^pounda may Hk vnAd 
BingXy or in combinatloa with one or moore Qthei: coiopouoda. 
Trior. ine Compouad {C-2)3 

The triassine compound (C-2| whien ma^ be 
9 pze£erat}l7 used in the aoroposltion of this inventloa l5 a 
Gonpound having at laast one txiazine ring and at least twru 
aczyloyl aAd/or methaoryloyX groups par ona nolacule and 
being represeated by the ^naral formula (2), or aa oligomer 
tiiereof which ia linked by toxmXtn^ a polyhydrlc alcohol or 
Id ethylene oxide « 



P I ^ 

Z 



wbereia x, x and Z each stands for hydrogen, an 
aUyl oroup^ an alkoity group or m modi, f led alkOKy 
group modified vith nathacrylic acid or acrylic 
15 aoid, or a gro^p rcproocntcd by -N^™2"^3 

(whttiTi^lit And each stands for hydrogen, «a 
aliphatic aUcyl group such aa ideLhyl. nthyl or 
propyl* benzyl group or a group repreaented by 
-(CHj-CHj-O-^-CO-C-CSHj where n - 0 to 4 and X' is 
X' 

20 hydrogen or an alkyl group). 

Typical examples of the tria seine compound (C«-2} 
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wothoxyaetti yl nw 1 an 1 nf* 

M,N' f fJ" ,K'-tetraVls(ffleth)acloyl03rfmcthyl-K" 

(2) N,N,M« ,M--h«Kakio(2-{iiiet*i)acryioyl«tlKwyaxy 

met hjX ) mdOAllne 

(3) 2.4 -bic( (N,l^-bis{2-(2-(iReth)AcryloylOJtyethoacy)ctha3cy- 
metbyi.) ) amino )-6-Rl:lioxy-l,3-S-trlazin« 

10 (4) 2,4-bls(p-(2-(iiieth)«icryloyloxyotlioxyjpttonylx«y)-6- 
( N. B-bis ( 2- f 2 - (meth )acrylcjyix«y^thoxy ) e tlioxy^ 

(5) 2,3-bis(N»K' ,K*-i:3?lsniftthaxyiiiBthyl-'K' .W"-{2-(iBBthJ- 
acryloyliOSfyft thaicy )inB tby DmelaBoylosy Jphenyl }propaiie 

15 fiacazapxes of potyhydrie olcoiiela ^ioh may ba usaa la 
Drlgamerizatlon ara otl^rlana glycol, dl^thylenA glycol, 
propyloae glycol* 1,3-btttanediol, 1,6-nexanediol, 
hydrodmated b±&pbaiiiol«A, trimni hylolpEOpane, 
peataerythrltol, ethyl^inB oxide oddueta of phthalu add, 

20 i£opiit1ialic ncid and terephthalic aoid. 

It 8«££ico9 that each nolaeule has TitfO nr mom 
functional groups por one trlaalna ring, «trul It la desirable 
that 4 to 6 tfUBorlonaX groups par one intramolecular 
trlaziaa ring are Inclwled in consideration o£ the balance 

25 between the mter^bsorbing cffoct duo to tHa format l^n of 
ester bonds and the impvovMant in heat resistance cine to 
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Increase i.n i::x:u&&-«linkiA3 bonds* 
• f)«»i:iirative8 of Isocyanuric Aoid (C-3}t 

Derivatives of .isocyanurlc ACiA whixsh may be 
proforabXy mod as th« third cofqponent of the vurabld 
A con^posltiOA of "fchlB invention d& the compouads hoving 
rMctive oiifiaturdted bonds are the derivatlvcG of 
IducyonuciA oold each having at Xoaet two acryioyl and/or 
methacryloyl groups per one melaoula* 

such derivatives of isocyanuclc acid maaf be 
3-0 prepared ae follows. 

(1) Addutita of isocyanuric acid added with etl^rlono 

oxide or propylene oicido are reaoted with acrylic acid 
and/or mo theory lie acid. 

(3) isceyanuric acid Ir added with epichlorohydrin end 

X5 then hydrogen chloride la removed from the addxict* The thus 
obtained product is reacted with a polyhydrio alcohol » such 
as ethrlane glyool^ propylene glyool or glycerin, and than 
reacted with acspylic acid and/or Riethaoz:yll« Misld. 

(3) isocyj^nurlc: acid Is reacted with 

20 Akhylenechloz-ohydrin and allyl chlarido, and the thus 
obtained reaction product is raaeted with acrylic acid 
and/or taethaerylic acid. 

(4) xsoeyanuric acid ia added with ethyltsne oxide to 
Obtain an adduct wtiicli Is rKeicted with gXycidyl acrylate 

25 and /or glycidyl methacr/late. 

(5) Isocyanuric acid la reacted witn chioroaoecoamlde, 
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and. then vMCted vlth fnmuilln to iatroduce methylol groups 
«rtixch a« rtdctfid w±tli acryllw dcid and/or ojethacaiylic acid. 

[6) Tlie reaction product of xaocrwrxc oeiA ana 
acrylami«e is oxTWWthylate* and the thus ohtAiMC 

^ oxymethylation product is reacted with wcrylie acid and/or 
not2iac£7iJA acid. 

(7) A portion aC acryloyl or nathacryloyl groupe o£ 
any ot the rcacLLoa j^oducta act forth, in (1) to (6) ia 
substituted by saturated aoyi groupe to obtaia almea 

10 cofq^oimdes • 

Anj ot t>«R coB^uuds set forth above mar be uded 
singly or in codablnatijoa. 

Typical exaaiples of derivatives of ieooyanurio 
acid will be eet forth hereineexow. 
iS 9rio(2-acryXoyLoxyethyX) Isocyanurate; 

■£r±B ( 2-ma tbacxyloy loxyethyl ) i3 ocyanixirate ; 
Di(2-iacryljoylo«yothyl)-2-hydroxyothyl ieooyaauratai 
Dl(2^Bethacryloylo3cyotliyl)-2-hydroxyethyl isoeyanuratd} 
Di(2-QoryloyloKyethyi}-2-acatoxyothyl Isocyaaursitey 
^0 Di( 2--mothacryXoylo3cyethyl)---2-^acetoxyethyl iKtinj^Muuirate; 

i>i(2-acry'i"ylaxy»tliyl)-allyl isocyexnurata? 
DiC2--methacryloyloxyathyl) -oUyl icow^Duratc* 

It suffices that the compound lias two or more 
acryXoyX ond/or methaoryXoyX groups par one noXeeoxa. 
25 ThA folXowing coaipokiads are the exanipXes of the 

compound hAvXuc] reactive unsaturated bonda, which, may be 

14 
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used as the third component in this invention. 

1. Aoryloyl or methacryloyl ccsapounds, the specific 
exaAples being: 

Bthy leneglycoX di ( me th ) aery late t 
5 Diethyleneglycol di(meth}acrylatej 

Triethyleneglycol di(meth)acr7latei 
Polyethyleneglyeol di(meth)acrylate; 
PropyXenegXycol di(meth)acrylatei 
PoXypropyleneglycoX di( net h}dcrylate; 
0 Butyleneglycol di(meth] aery late; 

Tr iraetbylolpropane tri(meth Jacrylate ; 
PentaerythritoX tri(meth)acrylatei 
tXLglycidylblsphenoX-^A dl(meth]acryXate; 
PentaerythritoX tetramethacryXate; and 
5 BisphenoX-A epoxydimethacryXate « 

2^ Vinyl compounds such as divinyXbenzene and divinyX 
adipate . 

3. DiaXXyX phthaXatey 
DiaXXyX succinate 9 
0 DiaXXyX adipate; 

TriaXXyX isocyanurate; 
digXycoXbisaXXyX carbonate; 
DiaXXyX maleate; and 
DialXyl funarate 
^ The curabXe c<»iposition of this invention may be 

added with various other additives » if necessary. BxampXes 
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of optional additives are initiators, photo-sensitiaers , 
antioxidants, thermal stabilizera. releasing agents, dyes, 
antistatic agents, bluririixg prevention agents, surface 
active agents, lebelling agents, polymerisation modulators 
5 and ultraviolet ray absorbing agents. 

The mixing ratio of the components will now be 

described. 

It is desirous that the equivalent ratio of aeetal 
eompoond (A) to mercspto compound should be in the range of 
10 1 , 1 to 0.5. If the mixing ratio of aoetal compound (A) ie 
too large, tha time required for curing is parolonged and 
there arises the tendency that an. uneven molded product is 
formed. When the mixing ratio of mercapto compound (B) is 
extremely large, the resultant molded product has an 
15 unpleasant order or the properties of the molded product are 
deteriorated, for example, the hardness thereof is lowered, 
m order to obtain a curable resin composition, the sum of 
the number of unsaturated cyoloaoetal groups contained in 
one molecule of the acetal compound (A) and the number of 
20 ffiereapto groups contained in one molecule of the mercapto 
ccmpound (B) should be not less than 4. preferably not less 
than 5* 

If the mixing ratio o£ the thixd component (C) 
having reactive unsaturated bonds relative to the aeetal 
25 compound (A) and the mercapto coii«>ound (B) is too large, the 
hardness of the resultant molded product becomes too high so 
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that the molded product becomes brittle. On the contrary. 
If the content o£ the third component is too emails the heat 
resistance o£ the tnolded product cannot reach the desired 
lebel. Jor these reasons, it is desirous that 0-2 to 6.3 
^ equivalents p more preferably 0.5 to S«4 equivalents, of 

component (C) are used per one equivalent of acetal compound 
(A). 

When a bisphenol system compound is used as the 
third component having unsaturated bonds, it is desirous 

10 that the mixing ratio. In equivalent ratio, of acetal 
compcyund (A) s meroapto cof^pound (B) : bisphenol system 
confound (C-l). is in the range of 1 » 0,25 to 1.5 i 0.1 to 
10. If the miaced amount of bisphenol system compound 
is too small, the resultant molded product has poor heat 

15 resistance so that it tends to be warped during the step of 
forming a substrate for recording medium. On the contrary, 
if the amount of bisphenol system coit^pound (C--1} is too 
large, the cured product becomes brittle* On the other 
hand, ^en a triazine compound {C^^^} is used in an excess 

20 mixing ratio, the hardness of the resxxltant molded product 
becomes too high leading to the result that the molded 
product becomes brittle* On the contrary, if the amount of 
the triazine compound is too small, the heat resistance of 
the resultant molded product cannot reach the desired lebel. 

25 It is desirous that 0»2 to 6.3 parts by might of triazine 
conipound (C-2) is used per one equivalent of the acetal 
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COSOpOUTld (A). 

If a derivative ot isocyanorixj ecid (C-3) is used 
in an excess mixing ratio, tue reeultaat molded product 
becomes too higl. in hardness and becomes brittle, on the 
5 contrary, if the mixing ratio thereof i» too s»all. the heat 
^sistance of tlve resultant molded product cannot reacb the 
desired lebel. Accordingly, it is desirous that 0.2 to 6.3 
parts by ^igM of a derivative of isocyanuric acid (C-3) xs 
used per one equivalent of the acetal co««.ound (A). 
10 AS described hereinbefore, a reactive unsaturated 

compound w be added to tbe cui:able composition of tbe 
invention to lower tbe viscosity of the mixture for tbe 
in^rovement of ^Jcability and to facilitate complete curing 
of tbe molded product. An example of such additive is 
15 ethyleneglycol diacrylate. Hot more than 4 equivalents, 
preferably about 0-1 to 4 equivalents, of a reactive 
unsaturated cw>und may be added to one equivalent of the 
Bdxture of the acetal compound (A), the mercapto compound 
(BJ and the confound (C) having reactive unsaturated bonds. 
20 If the added amount of reactive unsaturated compound Is too 
large, the resultant molded product becomes brittle so that 
it IS apt to be broken into pieces even by a smaH scratch. 

The curable coniposttion of the invention 
comprising an acetal compouod (A) acting as the first 
25 component, a mercapto compound (B) acting as tbe second 

component and a compound (O acting as the third component. 
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may b© added with a component (D) for improving the 
releaseability of tlie molded product. Examples of the 
compound Which may bo used as the component (D> are silicone 
cofl^ounds each having at least one mezoafiito group per one 
5 molecule and/or ester coi^ouQde Which are the reaction 
products of carboxylie acida each having at least one 
mercapto group per one molecuLe and stz-aight-ofaain or 
side-chain alcohols each having four or more carbon atoms; 
and compounds each having at least two raethacryloyl and/or 
10 acryloyl groups per one molecule and an alkyl group having 8 
or more carbon atoms or substituted produots thereof 
substituted with halogen atoms. 

The silicone compounds each having at least one 
mercapto group per one molecule and/or ester eonqpounds wfai^h 
15 are the reaction products of carboxylic acids each having at 
least one mercapto group per one molecule and straight-chain 
or side-chain alcohols each having four or more carbon 
atoms, both being used as the component (D), are represented 
by the following structural formulae (3)« (4) and (S). 



20 
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HS - ( CHa ). — Si 



(4) 



la the above formulae. 1 is an integer of 0 to 8? 

7 8 

and k and i are integers ofOto3andlt + 3 = 3. R a»AR 
are alkyl groups, such as methyl or etlvl* Typical 
5 oompounds represented by the formula (3) are silicone 
confounds modified with mercapto as represented by the 

folloiring fornmlae of s 

HS(CH2)3-Si-{OMe)3 

a8(CH2)3-Si-(0Me)2 
Me 

10 HSCCH2)g-Si-(0Me)3 

BJcamples of ester con^nnd are represented by the 
following general formula (5> oft 

HS-(CH,) -C-OR t5) 
o 

in the fonmila (5) R is a straight -chain or 
15 side-chain alhyl group having 3 to 10 cazbon atonis, and n is 
an integer of I to 5. If the alkyl group has less than 3 
carbon atoms, the resultant mixture has not the desired 
releasing property. •Eypioal exan^les of the usable ester 
compound are 2-ethylhexyl thioglycolate, pentyl 
20 thioglyeolate. 2-ethylhaxyl r-mercaptobutylate, and isoamyl 
ir'-mercaptobutylate . 
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It is preferred that a carboxylic acid ester 
having a inercapto group, whicsh acts as the component (D), ia 
preliminarily addition-polymerized with a compound (C) 
having reactive unsaturated bonds. By suoh a preliminary 
5 addition polymerisation, the bleeding of carb«cyll« acid 
ester from the cured composition can be prevented to obtain 
a transparent molded resin which has extremely good 

releasing property. 

m molding of a blend compofiition containing a 
10 heat-resistant monomer, such as bisphenol. a coinpound having 
triasine ring or a derivative of isocyanuric acid, it is 
generally necessitated to use a releastog agent since the 
releasing property of the blend composition becomes poorer 
by the blending of such a heat-resistant monomer. In 
15 contrast thereto, when a carboxylic acid ester having 
mercapto group, which acts as a releasing component. Is 
combined with the monomer of the third component (C) prior 
to the polymerisation step, the blended composition exhibits 
superior releasing property without bleeding of the 
20 releasing component after the molding step. 

The preliminary polymerization of a carboxylic 
acid ester having reactive unsaturated bonds with the 
coBipound (C) may be completed at 4S to 55'C for 10 minutes 
to an hour. If the polymerization is carried out at a 
23 temperature higher than the aforementioned range, 

polymerization proceeds excessively so that th^ reaction 
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««.3e, the pol^i^.tl»- <1»~ «t »«* *- 

5 i- r^i^'^ ^^^^7 a« to «- P~~»=. Of 

rMl4uaX mreapto aroup*. 

tt. eurl*!. co-potttion »f th. i»«»tio« may be 

in r.l».in, p«P«:ty It K — . » «« 
<^:»nt (D,, «lth . «-po»nd ta^ -t l«.t t« a-ylWl 
10 ^/or ,^«»=ryloyl 9»o»p. P« o» «l««le »4 baling .« 
.1>^X ^ bavin, . or »«e earbc .t« « . «b..ltut- 
-oduot tb««.* bavl« a .ubstitutina balogen .t«.. 

Of ««b co«o».d are those li»t.4 (X) an« (II. 

15 (I) rCrSi^dric or pol]^ytoic alcohols, such as 

^l^erin, trim-thylolpro^ and peataar^itol, acrylic 
acixi, methacrylic acid and/cr acid chlorides tharaof . 
(II, octrllx. acid, nonanolc acid, decaaoic acid, 

• ^^^A stearic acid and/or add chlorides 

20 theraofi. 

Other usable compounds are those introduced with 
acryloyl. »»thecrylo,l or allcyl groups to the reactive 
groups of a»l«o, H-mathylol or active halogen g^^oups. 

M«i.lj.pq Steps 

25 A disc substrate for information recording discs 
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„«y be manufactured by molding the curable composition of 
this invention through a casting process, information 
recording sites o£ concave or convex shape, for example 
information pits (or projections) or tracking grooves, are 
5 formed on a glass or metal plate by the photo-resist method, 
and a mold (stamper) for molding a polyester is reproduced 
therefrom, followed by coating a thin metal fi3« on the 
surface of the stamper to obtain a mold. The moLd is filled 
with the composition of this invention, ^ich is of liquid 
10 form at normal temperature or at a temperature lower than a 
certain temperature, for example lower than lOO'C, by 
casting the composition into the molA, and then the 
composition is cured by heating or by being irradiated with 
a high energy beam. After the con^pletion of curing, the 
15 cured product is removed from the mold to obtain a disc 
substrate. The fine concave and convex pattern is 
transferred to the surface of the disc surface. As an 
alternative process, the curable composition of this 
invention may be cast in-between two glass plates each 
20 having a concave and convex pattern, followed by irradiation 
with a high energy beam through the glass plate to cure the 
coinposition, and the cured product is removed from the glass 
plates to obtain a substrate. 
curing Step i 

25 Prior to the step of curing the curable 

composition of this invention, the aeetal compound (A), the 
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„«reapto oo««.ouna (B> the cc».pou»i (c) having reactive 
unsetorated bonds are «ixad together ia a predetem.ined 

ratio to obtain a uniform mixture. The mixture is 
cast into a n«>ld having a predetermined contour and made of 
5 a glass., ceramice. placti^s or rubber material, and then 
cured by any one of the following curing steps. 
(1) curing by irradiation with High Energy Beam. 

This method includes the step of curing the 
curable co»position by Irr^ting the same with an active 
10 energy beam, such as r-ray. X-ray. ultraviolet (UV, ray or 
emctrcn beam. The irradiation energy of the high energy 
bean, ranges, in general, from not less than 0.01 J/cm to 
not *K,re than 500 J/cm^ preferably from 0.1 to 100 J/cm . 
If the irradiated energy is less than 0.01 J/cm*, curing of 
15 the composition is incomplete. On the contrary, if the 

ixradiated energy e«:eeds 500 J/cm^ a portion of the cured 
product is deteriorated and colx«ced to make it impossible to 
forni a satisfactory information recording disc. 

The tiine required for curing can be shortened by 
20 the utilisation of this method, irradiation of the high 
energy beam may be effected at two or more tines or may be 
effected at one time. A photo-sens it iser or stabilizer may 
be added to the curable composition, if necessary. 

(2) Curing by Heatings 
25 «iiB parameters for curing the curable con^iosition 

of this invention arm varied dependiixg on the heating 
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temperature, presence or absence of a polymerisation 
initiator and the specific kind and amount of the used 
polymerization initiator. The heating temperature ranges 
generally from the room temperature to 300-C, preferably 
5 from 50 to 130«C. If the temperature is below the room 
temperature, the time required for curing is prolonged to 
reduce the production efficiency, on the contrary, if the 
composition is heated to a temperature of higher than 300-C. 
the cured product is adversely affected by heating. The 
10 heating time is varied depending on the heating temperature, 
presence or absence of a polymerization initiator and the 
specific kind and amount of the used polymerization 
initiator, and ranges generally from 0.1 to lOO hours, 
preferably from 1 to 20 hours. 
15 xf an ejeeessiveiy large quantity of a 

polymerization initiator is used, the resultant cured 
product is colored or becomes brittle. Accordingly, in 
consideration of the balance of the production efficiency 
and the properties of the resultant cured product, it is 
20 recommended to use not more than 10 parts by weight, 
preferably not more than 5 parts by weight, of a 
polymerization initiator is added to 100 parts by weight of 
the curable composition of this invention. 

The step of irradiating with a high energy beam 
25 and the heating step may be combined. 
(3) Reaction injection Molding: 
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Tbe curable composition of this laveation may be 
cuEed by a process comprising the steps of evacuating the 
cavity ift a «oLd having a window portion extending from the 
outside of the mold to the cavity and made of a material 
5 which tranemite a high energy beam, injecting the curable 
coB^osition of this invention into the mold, and irradiating 
the miected curable con«.o3ition with a high energy beam 
from the outside of tbe window portion of the mold to cure 
the curable con^osition. 
10 • in the reaction injection molding process for 

molding the curable cce^oeition of this invention comprising 
the steps of ipjeoting a ourable composition into the cavity 
1« a mold having at least a portion made of a material whS«h 
transmits a high energy beam, and irradiating the curable 
IS composition with ^ bigh energy beam through the mold, it is 
preferred to provide means for retracting a portion of the 
«old to contract the cavity of the mold during the step of 
irradiating with a hi^ anergy beam, according to a further 

aspect of this invention. 

20 An injection molding process has hitherto been 

known for molding a compact disc, and polycarbonate and 
polymethyl methacrylate ore molded by this known process. 
BDwevec, since a highly viscous molten mass of a resin ts 
injected into the cavity at a high pressure in this known 

25 injection mowing process, a large shearing stress is 
TOlied on the injected resin during the injecting step. 
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leading to orientation of molecules to araiae significant 
optical aoisotropy in the molded disc. For thU reason, if 
a disc for recording informations by optical means is molded 
by the conventional injection molding process, there is a 
5 risH that errors are often resulted in reproduction of the 
stored informations. The injection molding process has 
another disadvantage that the stamper attached over the 
surface of the cavity in the mold is abrased rapidly to 
shorten the lifetime of the stamper. 
^0 If the conventional injection Balding process is 

employed, it is necessary to use a resin having a melting 
point as low as possible in order that the optical 
anisotropy or t«^ping due to shrinkage at the molding step 
is obviated. For thi« reason, the heat resistance of the 
15 thus produced.disc cannot be improved to a satisfactory 
level. AS a consequence, if a large output semiconductor 
laser is used to increase the recording and reproduction 
speed of informations, the grooves for tracking or pits are 
apt to be fused to erase the informations. The insufficient 
20 beat resistance thus impedes high speed read-out operation. 

so-called 2p {photo polymer) method is Known, 
wherein a transparent substrate made of a glass is placed in 
face to face relationship with a stamper, a curable resin 
which may be cured by irradiation with an ultraviolet ray is 
25 cast in-between the stamper and the stibstrate, the resin is 
then irradiated with an ultraviolet ray through the 
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substrata while compressing tti. ««l>strate against the 
stan«,er, and thereafter the ste«pe. is peeled off to fO«- a 
di»c including a aub,trate laye. and a pit layer on which 
the pits ara tranaferred. In this Know 2p method, an 
5 expensive optical grade glass «ust be used as the 

^parent substrate to result in increase in production 
cost of the finished disc. ltoreov«r, the curable resin 
often shallows ai. bubbles up during the step of casting the 
«.i„ in-between the stamper and the substrate, and the thus 
10 swallowed air bubbles ,»ight induce errors in writing 

operation. The disc produced by this knowu method has a 
disadvantage that the pit layer Is apt to be peeled off fro« 
the transparent glass si*strate due to the temperature 
^e since the th^al expansion coefficient of the glass 
15 and that of the cured resin different from each other to 

require prudent handling. 

The aforementioned disadvantages of the 
conventional processes may be overcomed by the reaction 
infection molding process, eccordlxxg to thi^ invention, to 
20 form a substrate at good production efficiency. 

An ertbodiment of the mold and molding apparatus 
for molding a photo-information recording disc, according to., 
this invention, will now be described. 

Fig. 1 shows a moid to be assembled with a molding 
25 apparatus and used in the reaction injection molding 

process, Fig. 2 is an enlarged view showing schematically a 
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portion of the «old, and Fig. 3 is a view showing a molding 
apparatus . 

A mold 1 comprises an upper mold 2 and a lower 
mold 3. a cavity 4 being formed between the upper mold 2 and 
5 the lower mold 3. The upper mold 2 includes a mounting 

plate 2a. an intermediate plate ab and a mold plate 2c. The 
upper mold 2 is provided with a window 5 through which an 
ultraviolet ray used as the higb energy beam transmits as 
will be described hereinafter. 
10 The window 5 comprises a fixst guar* glass plate 

5a grasped by the mounting plate 2a and the intermediate 
plate 2b. and a second quars glass plate 5b grasped by the 
intermediate plate 2b and the mold plate 2o. a cooling 
chamber So being formed between the first and second quars 
15 glass 5a and 5b for flowing therethrough a cooling medium 
for cooling the mold 1. The cooling chai*er 5c communicates 
with cooling medium passages «. 6. A cooling medium which 
does not hinder transmission of a high energy beam, which 
will be described hereinafter, is flown through the cooling 
20 chamber 5c. The cooling chamber 5c is held Ugui^ tight by 
nieane of packings 7. 7 disposed on both sides of the 
intermediate plate 2b to en^ge with the first and second 

guars glass plates 5a, 5b. 

The lower mold .comprises a mounting plate 3a, a 
25 receiver plate 3b and a mold pOate 3c. The cavity 4 is 
defined between the quara glass plate Sb and the mold plate 
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A nozzle a extends- through the lower mold 3 to 
open to the ceater of the cavity 4. A sta«iP«r 9 is hel^ and 
fixed hy an annular stamper fixing frame 10 to form a cavity 
5 surf ace 4a ou the mold plate 3c. The stan«,or fixing frame 
10 xa secured to a apr«e bush 11 which is fitted on the 
nozzle 8. The stamper fixing frame 10 and the aprue hush 11 
are fixedly secured to the lower molA 3 by meana of a screw 

Lo The mold I has a special structure for contracting 

the cavity 4 during the molding step, as shown in ?ig. 2 
is aii..ei,larsed view of the portion denoted by A in 
Fig- 1. the lower face of the second quarz glass pO^te 5b 
extends beyond Ic^er face of the mold plate 2c. The 
15 mold pl^te 3c of the lower moM 3 is provided with an 

concaved portion 21 to form the cavity 4, and has a bottom 
face over which the stamper 9 ia attached. A ring member 22 
is inserted i.. the concaved portion 21 of the mold plate 3c 
and has an i^ner periphery which engages liguid-tightly and 
20 slidingly with the peripheral surface of the guars glass 
plate 5b extending from the upper mold 2. The marginal 
portion along the periphery of the stamper 9 ia fixed by the 
ring member 22. The thickness of the ring member 22 is 
greater than the thickness of the finiahed molded product. 
25 pacKings 13, 14 are used to held the cavity liguid-tight. 
For this purpose, o-rings or Teflx,n seal rings may be used. 
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The exposed surface of the stamper fixing frame 10 is 
applied with a surface treatment, for example Teflon 
coating, to ensure air-tightness of the cavity 4. Air in 
the cavity 4 may be evacuated throtfgh the air discharge 
S passage 15 extending through the lo^r mold 3. 

The air discharge passage 15 is formed ty a bore 
ISa extending through the sprue bush 11, and the gap 15b 
between the sprue bush 11 and the stamper fixing frame 10. 
The gap 15b is of the slae to permit passage of gases but to 
10 prevent passage of the resin cast into the cavity 4. 

Fig. 3 shows an embodiment of the molding 
apparatus. The illustrated molding apparatus comprises a 
high energy beam teadiating device 31, a mold clamping 
mechanism 32, an injection mechanism and a temperature 
15 adjusting mechanism (not shown). 

The high energy beam irradiating device 31 may be 
assembled with a reflector (not shown) for uniformaliae the 
orientation and distribution of the beam- The conditions 
for irradiation is controlled by a control unit 33 of the 
20 iradiating device. The mold clamping mechanism 32 comprises 
an upper plate 32a on which the upper mold 22 is mounted, a 
lower plate 32b on which the lower mold 3 is mounted, and a 
driving unit 32e for moving the lower plate 32b in the 
vertical direction. The clamping mechanism 32 of the 
25 molding apparatus is further provided with an air cylinder 
35 beneath the lower plate 2b to be actuated to contract the 
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cavity 4 of the mold 1. The nozsle 8 of the mold 1 
co«»ualcatea with an iajectioa system 26 through a hose, and 
the eir dischar^ passage 15 of the moXd 1 Is connected to a 
vacuum pump 25. The vacuum punp is actuated to dis«Sharge 
5 air in the cavity. Preparatory to inoldiag, the upper mold 2 
of the mold L is mounted on the upper plate 32a of the 
molding apparatus, and the lo««r mold 3 is mounted on the 
lower plate 32b. Jit the initial stage (shown in Pig. 2), 
the upper and lower molds 2. 3 are closed so that a gap is 
10 loft hetween the mold plate 2c of the upper mold 2 and the 
mold plate 3c of the lower 3 and so that the second 

quarz glass plate 5b of the upper mold 2 Is inserted in the 
ring iaember 22 o£ the lower molA at some wcteat. Onder this 
condition, air in the cavity is discharged through the air 

IS discabrge passage IS. 

It is desirous that the air pressure in the cavity 
4 is not higher than I Torr. If the air pressure in the 
cavity 4 Is higher than 1 Torr, th«» is a risk that a disc 
containing air bubbles is formed leading to low yield. 
20 After the completion of evacuation of the cavity 4. a 

curable composition is injected through the nossle 8 into 
the cavity 4 by the injection means 26 of the molding 
apparatus. The curable coinposition, according to the 
present invention, which is cured by cross^linKing when 
25 irrodiated with a high energy beam is used as the injected 
curable compoeition. The co««.o8ition is fully defoamed 
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prior to injeqtion. 

After tbe completion of injecting a predetermined 
emount of the curable composition into the cavity 4 of the 
mold 1, the beam radiating device 31 of the molding 
5 apparatus is actuated so that the curable cotDiposition in the 
cavity 4 is irradiated with a high energy beam through the 
window portion 5 of the mold 1* 

The clamping mechanism 32 of the molding apparatus 
is actuated to open the mold 1 so that the cured cuxrable 

10 coi^position ^ich has been cured by Irradiation with a high 
energy beam is removed from the mold 1 to obtain a molded 
disc* The thus prepared disc has a surface on which the 
pits formed on. the cavity surface 4a of the stamper 9 
attached to the mold 1 are transferred. 

15 Discs are successively produced by repeating the 

aforementioned operations. 

According to a further aspect of this invention, a 
portion of the mold is moved to contract the cavity during 
the curing step in the injection molding process « wherein a 

20 liquid cozqposition is injected into the mold followed by 
curing reaction, so as to prevent the phenomenon that a 
surface portion of the molded product is sunk (formation of 
sink mark) due to shrinkage of the injected composition by 
the curing reaction « contraction of the cavity 4 is 

25 effected by moving the upper mold 2 and the lower mold 3 
closer to one another* For this purpose, the mold clamping 
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meetumiSA 32 of the molding apparatus Is provided with an 
air cylinder disposed benaath the lower mold for contracting 

the cavity in the mold 1. 

In the improved molding process described above, 
5 the cavity 4 is contracted by biasing the lower mold 3 
toward the upper mold 2 to move the former closer to the 
latter by applying a certain pressure through the air 
cylinder. 

Although it has been described that the window 
10 portion S of the mold is made of q»iarts glass, it inay be 
made of a material which transmits a high energy beam, the 
specsific exiles being optical grade glass and salt 
crystals. The window may bo fonned of a thin metal plate 
^en the used hi^ energy beam is JT-ray, 
X5 The substrate made of a transparent resin is 

covered by a recording medium layer to obtain a photo-memory 
disc. The adhesiveness between the recording medium Isyer 
and the transparent resin is lowered with the lapse of tine 
to arise a risk that the recording medium layer is readily 
20 separated from the substrate. In order to prevent 

separation or peeling off of the recording medium layer, an 

oxide layer having a thickness of 80 nm to 10000 
nm is formed over the surface of the molded product prepared 
by curing the curable camposition of this invention, 
25 - THe alumiikium oxide layer may be formed on the 

surface of the molded product by' the vacuum deposition 
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method, sputtering method or ion plating method. The 
aluminium obcide layer has a fair affinity with the cured 
composition prepared in accordance vith the present 
invention « The aluminium oxide layer is adapted to be 
5 closely adhered with the recording medium layer disposed on 
the transparent cured composition* The substrate made of 
the transparent cured composition prepared by this invention 
can thus united closely with the recording medium layer. 
The thus produced photo-memory disc is durable for a long 
10 use time without, suffering from separation of the aluminium 
oxide layer. 

The curable composition of tbeis invention provides 
a cured product having superior properties as the effect of 
complementary functions of individual components contained 

15 therein^ In detail, the combination of the acetal compound 
(A) and the mercapto compound (B) provides a cured product 
which has good operationability and excellent water-*proof 
property* The cured product molded from the curable 
composition comprised of the acetal compound (A), the 

20 mercapto compound (B) and the con^und (C) having reactive 
unsaturated bonds and selected from the group consisting of 
bisphenols, compounds having triazine rings and derivatives 
of isocyantxric acid has improved properties superior over 
the properties expected by the use of other compositions. . 

25 Brief Description of the Drawings 

Pig. 1 is a diagrammatical sectional view showing 
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a mold wWch is. used for reaction injectioa molding of the 
curaftle ccwuposition of this invention* 

Pig, 2 ia an enlarged seetional view showing a 
portion of the mold shown in Fig* It 
S Fig, 3 is a view showing a reaction injection 

molding apparatus which may be used to mold a photo 
information recording disc from the curable coinpositiii o£ 
this invention; and 

Fig, 4 is a view showng the structures of 

10 cosmos ite films. 

aast Mode for Practice of the Invention 
She curable cooposition and process for molding 
the same, according to the present invention, will now be 
described more ie detail with reference to specific examples 
15 thereof. Bach of the disc prepared lA the following 

Bxamples has an outer diameter of 120 mm, an inner diameter 
of 15 mm and a thickness of 1.2 nmi. B>e properties of the 
produced molded products are determined by the following 
teste - 

20 I. Heat Resistant Progerty (HOT heat distortion 
temperature) s 

The test was cooduoted in accordance with the ASTM 
0-648 method lAile applying with a Xpading of 66 psi* 
2. water ftbsorptions 
25 xn accordance with the ASTM D-570 method t each 
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molded product was immeraed in water at 23"C for 24 hours 
and the water absorption thereof was determined. 
3, Determination of Double Refractions 

Each molded disc was rotated and the birefrdJigence 
5 at various points were measured using an automatic 
ellipsometer. The used light source was a He-He laser 
having a wavelength of 632.8 nm. Uouble-^pass data are shown 
as the measured values. The birefringence is the average 
value of the absolute values of retardation. 
10 4. Shrintege by Polymerisation* 

ShrlnJcage was calculated by comparing the density 
of the polymerised oomposition. 

5. Surface Hardness: 

The surface hardness was determined by the Bacol 

15 Hard Method. 

6. Resistance to Solvents 

Bach sample was immersed in acetone and methylene 
chloride, and change on the surface was visually observed, 
o not changed X changed 

20 7. I80d Impact Values 

Bach specimen was cut to form a v-notch, and 
subjected to the test in accordance with ASTM D-256 method, 
8. Transparency 8 

The transparency of each specimen was determined 
25 using a light having a wavelength of 780 nm- 

Examole 1 



37 



PA(X83IS6WAT9I21I20(I47:19:06PM (Eastern DayDglitriine]'SVR:U^^^^ 



SEP-21-2004 16:43 



P.84 



0243501 

21.2 parts (parts by weight; *part" stands for 
*part by weight throughout the £ollow±ag description) of 
diallylidenepentaerythrltol was dissolved in 21*6 

parts of pen taerytbritol tetrathioglycolate (B-1). followed 
5 by agitating at SO*C for 30 minutes « 40 parts ot 

tcimethyXolpropane triacrylata and 0*4g of ben^phenozie were 
added to prepare a o^nposition. Vhe composition was cast in 
a glass mold and then irradiated for about 100 seconds with 
ultraviolet rays emitted from 3 ¥X metal halide lanqps each 
10 being disposed at a distance of 15 cm from each side of the 
mold to polymerize the cast composition « A colorless and 
transparent molded product was obtained. 

Btonple 2 

The procedures aa described in Exaiq^le 1 were 
i^ repeated except that 80 parts of N, N* «II*-tris(acryloyl* 
methyX)-N,ll*N"-tri5(metho:Qrmethyl}melaroine (C-W) was 
further added to the composition to obtain a colorless and 
transparent molded product. 

Example 3 

20 21*2 parts of diallylidenepentaerythrltol (A-1) 

was dissolved in 20 « 5 parts of 1,1,1-trimethylolpropane 
trithioglycoiate (B-2), followed by agitating at 50*C for 30 
minutes* A composition was prepared by further adding with 
40 parts of pentaerythritol acrylate* 40.2 parts of 

2S N^NrN* ^N* ,N"-hexalcis( 2'-acaryloylethoxymethyl)melaraine 
(C«1'2} and 0.15 parts of azobisisobutylonitrile. The 

38 



PA(£84/96'RCVDAT9i21/20(l47:19:06PM [Eastern DayUg^ 



SEP-21-2084 16:43 



P.85 

0243501 



composition was cast into the same glass mold as used in 
Example 1. The mold was immersed in a warm water bath 
maintained at 70 •C for 30 minutes, and then the temperature 
of the warm water bath, was raised to 90»C at a temperature 

b increase rate of lO'C per an hour. -Phe content in the mold 
was allowed to stand at 90'C for 3 hours, and then allowed 
to stand at 120«C for 2 hours by transferring tHe mold into 
a high temperature hath maintained at 120"C to complete 
polymerization. Whereby a colorless and transparent molded 

10 product was obtained. 

Example 4 

Generally following to the procedures as described 
in Beampi« 3, a composition was prepared exc^t that 29.4 
parts of diallylidene-2,'2,«.<-tetramethylQleycloheieanone 
15 (A-2) was used in place of diallylidenepentaerythritol (X-l) 
and that 0.10 part of benzoin propyl ether was used in palee 
of aaobisisobutylonitrile- The subsequent procedures were 
the same as described in Example 1 to obtain a colorless and 
transparent molded product. 
20 CQmparative Example 1 

0.1 part of benzoin isopropyl ether was added to 
100 parts of ll,N.I«',N».N",M"-hexalcl8(2-acryloyl- 
ethojeymethyl)melamine (C-1-2). and the thus prepared 
composition was processed similarly as in Bxample 1 to 
25 obtain a colorless and transparent molded product. 

Comparative Bxample 2 
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The procedures as described in Example 3 were 
repeated except that 1.1,1- trimethylolpropaoe 
trithioglycolate (B-2) ueed iu B«mple 3 was r»ot u«ed ia 
this comparative Exaiple. Whereby a transparent moWed 

S product was obtained. 

rnm parative Eataaple 3 
toi injection molded product was prepared by using 
a FMWi resin (produced by Kyowa Gas KagaJcu Rogyo). 

comparative Example A 
10 An injection moldad product was prepared by using 

a polycarbonate resin (produced by Teiji« Kasei) . 

rom parati^ Bxairole 5 
4 parts of IP? (diisopropyl perosydicarbonate ) was 
added to 96 parts of CB-39 (diethyl^glycol bia-allyl- 
IS carbonate) monomer (produced by PPG. industry Corp.) to 
prepare a composition which was cast in the same mold as 
used li* acampl* 1 and maintained at 38-C for 15 hours. The 
temperature was raised to 60-C over a period of 3 hours, and 
then the content in the mold was maintained at 60-c for 2 
20 hours. The content li» the mold was cooled to the room 

temperature over a period of 2 hours, and then subjected to 
annealing at 115-C for an hour to obtain a colorless and 

transparent molded product. 

The properties of the products of Examples 1 to 4 
25 and conwarative Examples t to 5 are set forth in Table 1, 
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A tnolded product, wl&ich is low in doui>le 
refraction and small in water absorption^ is molded from the 
combination of the aoetal confound (Convpound Ji) and the 
mercapto cowy^ound (Compound B). The heat reeistance and the 
5 surface hardness of the molded product can be Improved by 
the addition of a CMipound having triazine ring. 

The materials of the invention are well-balanced 
in theix heat resistances, optical properties and surface 
hardnesses when compared to the conventional FtmA resin, 
10 polycarbonate resin and CR-39 resin. 

The systems added with bisphenols as the component 
C were . tested* The bisphenols used in the following 
Sxafl^les are represented by the formulae of s 

CH3 

CH2- CH - C - 0 C-(^0- C- CH - CH2 ( c-2-l ) 

6 CH3 o • 



O 

CH2-CH - 0 -C-CH^CHz (C-2-2 ) 

0 0 0 



CH3 

CH2=CH-aO-CH2-CH2te<>®- C ^ 0{CH2CHzO^C'CH^CH2 ^ ^"^"^ * 
6 CH3 O 
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C2H5 

CH2= CH - C - 0-CH2 CH2 0-©-Qf^0-CH^ ^ ^_2-4 ) 



D 



CH3 

CH2==CH-C{0CH2CH2b(0-@-C -©-O-tCHa-Cli^O^^ C-CH= CHg 
0 CH3 O 

(C~2-5) 

x4y-»7 



gxarople S 

21*2 parts of diallylidenep^Stotaerythrltol (A-1) 
5 was disaoXved in 21.6 parts of pentaerythritol 

tetrathioglycolate (B-l), followed by agitating at SO*C for 
30 minutes to prepare a Compoaiton A* 40 parts of 
trimethylolpxropane triacrylate was added with 0.1 part of 
bvenzoin isopropyl ether and 40 parts of (C-2-1), and heated 
10 at 60 •€ to dissolve the coiQponents uniformly and then cooled 
to. the room teinperature. ifhe Composition A was added to the 
second composition and agitated ixntil a uniform admixed 
composition was formed. The admixed composition was Ciired 
similarly as in Example 1 to obtain a colorless and 
15 transparent molded product. 

Examples 6 to 8 
In Bacamples 6, 7 and 8, (C-2-2)^ {C-2-3) and 
(£-2-4} were used in place of (C-2-^1) used in Example 5 to 
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obtain molded products respectively- 

CCTWDarativa Egainple 6 
CeneraLly following to Example 5 exc^t that 40 
parta of (C-2-5) was used in place of (C-2-1), a colorless 
5 and transparent molded product was prepared. 

comparative Sxample 7 
50 parts of (C'2-1) ttas added with 0-1 part of 
benzoin isopropyl ether and further added with 50 parts of 
tsiigettarlolpropane triacrylate, and the mixture was 
10 dissolved uniformly at 60*C. The following procedures were 
similar to Bxample 1 to obtain a molded product. 

The properties of the molded products prepared by 
Exaotfles 5 to 8 and Con«parativB Examples 6 and 7 are set 
forth in Table 2 together with the data of Example 1 and 
15 coiQparative Bxaioples 3 to 5. 
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The lieat resistances of the molded products are 
improved l>y the addition of bisphenols, and the products 
have the properties superior over those of the conventional 
and polycarbonate resin* 

The systems added with derivatives of isooyanoric 
acid as the Component C were tested* The compounds used in 
the following Escamples are represented by the formulae of i 

9 

CPfeCH20-C-CH-CH2 

n (C-3-1) 

CH2=CH-C0-CHfeCH/ ""ObCHgO-C-CH-CHa 



0 o 



.0 



CHzCHz-o -6-C-CH-CH2 

' Q . CH3 



N N O 
CKfCH-CO-CHzOfe'^ ^ ^CH2qFfeO-6-CH=CH2 

^ 9 

<Jf^C%0-C-CH=Cli2 

10 o J^^^>. 

CH2=CH-6-CH2CH2 6 CH2CH=CH2 



(C-3-3) 
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CH2-CH=CH2 
I 

OyNv^O (C-3-4) 
CHz^CH-Cti/ S CHg-CH-CHg 
acample 9 

21.2 parts of diallylidenepentaerythritol (A-l> 
was dissolved in 21.6 parts of pentaeryttiritol 
S tetrathioglycolate (B-l), followed by agitating at SO'C for 
30 minutes. 40 parts of (C-3-1) was mixed -itH 0.2 part of 
Denzophenone, and the mixture was added to the ndxture of 
the compound (A-1) and (B^l) and agitated until a uniform 
admixture was formed. The admixture was cured similarly as 
10 in Example 1 to obtain a oolorLsss and transparent molded 
product . 

Examples 10 and 11 
in Examples 10 and 11. (C-3-2) and {C-3-3) i*ere 
used in place of (C-3-1) used in Exainple 9. 
15 CQgparativ a Bxample 8 

10.6 parts of diallylidenepentaerythritol (A-1) 
and 8.3 parts of the compound represented by the formula 
{C-3-4) were dissolved in 21.6 parts of pentaerythritol 
tetrathioglycolate (B-1). followed by agitating at SO'C for 
Zp 30 minutes, and then added with 40 parts of 

trimethylolpropane triacryXate and O.l parts of benzoin 
ethyl ether. The admixture «as agitated until a uniform 
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composition was formed. 

Tlie following procedures were similar to Bxample I 
to obtain a colorless and transparent Aolded product. 

' CoTOarative acample g 
5 100 parts o£ tlie cdopound represented by the 

formula (C-3-1) qas added with 0#1 part of benzoin ethyl 
ether, and the thus prepared composition tfas processed 
similarly as in Example 1 to obtain a colorless and 
transparent molded product. 
10 The Properties of the molded products prepared by 

Examples 9 to 11 and comparative Bxainples 8 and 9 are set 
forth in Table 3 together with the data of Bxample 1 and 
Comparative Rsanples 3 to 5« 
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least one mercapto group per one molecule and a 
Btralght-<Shaiii or side-chain alcoliol having four or more 

10 carbon atonis* 

jhe curable coinposltlon according to claim 1 
comprising a compound having at least two unsaturated 
cycloacetal groups per one molecule and a compound having at 
least two mercapto groups per one melecul«, and further 
5 added with a compound having at least two acryloyl and/or 
methacryloyX groups per one molecule and having not less 
than 8 to 17 carbon atoms, or a substituted product thereof 
having a substituting halogen atom. 

5. A curable composition, conqprisingt 

a oootpound having at least two unsaturated 
oycloacetal groups per one moleetiley 

a compound having at least two mercapto groups per 

5 one melecule; and 

a compound having at least two reactive 
unsaturated bonds per one molecule. 

6, The curable composition according to -cLaim 5, 
wherein each of the cycloacetal groups of said compound 
having at least two unsaturated cydoaeetal groups stands 
for either one of x 

O-CH- 
✓ ^ 

5 unsaturated dioxane types CH^^CH-CH C » or 
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O-CH- 
/ I 

unsaturated dioxoXane type: CH^-GH-CH | 

\ 

0-CH- 

7. The curable campoBltion according to claim 5, 
wherela said confound having at least two inercapto groups is 
an aliphatic polymeroaptan or an aronoatic polymercaptan. 

8. The curable coniposition according to claini 5, 
i^erein said compouad having at least two reactive 
unsaturated bonds is a bisphenol having at least two 
acryloyl or methacrylbyl groups per one molecule. 

9. The curable composition according to claim 5« 
wherein said compound having at least two reactive 
unsaturated bonds is a compound having at least two acryloyl 
or methacryloyl groups per one molecule and having a 

5 triazine ring. 

10. The curable composition according to claim 5, 
wherein said compound having at least two reactive 
unsaturated bonds is a derivative of isocyanuric acid having 
at least two acryloyl or methacryloyl groups per one 

5 molecule . 

11 « The curable composition according to claim 5« 

wherein said compound having at least two reactive 
unsaturated bonds is a coixupound having at least one vinyl 
group, allyl group, acryloyl group or methacryloyl group* 
12. The curable composition according to claim S 

comprisings 
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a con^jound having at least two unsaturated 
cycloacetal groups per one noleculep 
5 a coa^ound having at least two mercapto groups per 

one molecule; 

a compound having at least two reactive 
unsaturated bonds per one molecule; and 

further added with a silicon-containing compound 
10 having at least one mercapto group per one molecule and/or 
a carboxilic ester which is a reaction product of a 
carboxilic acid having at least one itercapto group per one 
molecule and a straight-chain or side-chain alcohol having 
four or more carbon atoms. 

The cturable composition accoridng to claim 5 

con^rising: 

a con^und having at least two unsaturated 
cycloacetal groups per one molecule; 
5 a compound having at least two xaercapto groups per 

one molecule; 

a confound having at least two reactive 
unsaturated bonds; and 

further added with a compound having at least two 
10 acryloyl and/or methacryloyl groups per one nxolecule and 
having 8 to 17 carbon atoms, or a substituted product 
thereof having a substituting halogen atom. 
14. A transparent substrate cos^rising an aluminium 

oxide layer formed on a molded boay which is prepared by 
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curing a composition including i 

a compound having at least two unsaturated 
5 cycloacetal groups per one molecule; and 

a compound having at least two mercapto groups per 
one oelecule. 

15 « A. transparent substrata cmprising an aluminium 

oatide layer foinned on a molded body vhich is prepared by 
curing a composition including s 

a conq90und having at least two unsaturated 
5 cycloacetal groups per one molecule; and 

a compound having at least two mercapto groups per 
one melecule^ and further added with a confound having at 
least two acryloyl and/or methacryloyl groups per one 
molecule* 

Ifi. The transparent substrate according to olaim 15^ 

wherein said coatpound having at least two acryloyl and/or 
methacryloyl groups per one molecule is selected from the 
group consisting o£ bisphenols, confounds having triasine 

5 rings and derivatives of isocyanuric acid« 

17* A reaction injection molding process comprising 

the steps of injecting a ctirable composition into a mold 
made of a material which transmits a high energy beam, and 
irradiating said coinposition with a high energy beam through 

5 said mold« 

la* The reaction injection molding process according 

to claim 17 » wherein said high energy beam is an ultraviolet 
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ray. 

.19. «be reaction Injection molding process according 

to claim 17. Wherein said mold has a window portion 
extending from the outside of the mold to the eavxty in the 
looxd and made of a material which transmits a high energy 
S beam, and wherein the cavity in said mold is evacuated, 
followed by injection of the curable composition into said 
cavity, and then the injected composition is irradiated with 
a high energy beam through said window portion from the 
outside of said mold to be cured thereby* 

20. "Hie reaotion dLnjection molding prooBSS according 
to claim 17 or 19, wherein said curable rasin i nclud e si 

a oon^und having at least two unsaturated 
cjeloaoetal groups per one molecule} 
5 a ccsvound having at least two meroapto groups per 

one neleculei and 

a cosipound having at least two reactive 
unsaturated bonds per one molecule. 

21. The reaction injection molding process according 
to claim 19, herein a portion of said mold is moved to 
contract said cavity during the step of irradiating with 
said hi^ eneregy beam. 
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